Abstract In anesthetized dogs venous return was drained into a blood reservoir from which blood was pumped to the right atrium at a variable perfusion rate,which was equal to cardiac output in the steady state.When cardiac output was decreased or increased by 25 or 50% of the control, the blood volume in the dog's body was changed in the same direction in the intact reflexic state as well as in the areflexic state prepared by hexamethonium and norepinephrine infusion.The volume change in the reflexic state was twice that in the areflexic state when compared 5 min after stepwise changes in cardiac output.When only the flow through the right heart and lungs was changed by-50%,with systemic flow unchanged,the decrease in blood volume was about one-fifth of that observed on a 50% decrease of cardiac output and not affected by ablation of the reflexes.It is concluded that,on a change in cardiac output,the passive change in blood volume is as large as the active or reflexic change,that the majority of the change in blood volume takes place in the systemic circulation rather than in the pulmonary circulation,and that the receptors for the reflexic change are located in the systemic circulation.
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When cardiac output is changed in a preparation in which venous return is drained into a reservoir from which blood is pumped to the right atrium at a desired flow rate,the blood volume in the animal would not change if the circulatory system were composed of rigid tubes.However,since in reality the tubes of the circulatory system have an elastic property,should outflow venous pressure be kept constant,the blood volume changes passively in the same direction as the cardiac output,due to the change in vascular transmural pressure induced by the flow change.This might be called `passive change' in blood volume induced by changes in cardiac output.In addition to this passive change,active or reflexic change in blood volume will take place with a change in cardiac output, provided that the circulatory system is endowed with reflex adaptability in vascular capacity.In the above preparation,the change in blood volume in the animal's body can be measured by monitoring the level of blood in the reservoir.
The change in blood volume,which would induce a change in central venous pressure in the natural closed circulatory system,is assumed to be brought about by changes in blood volume in the venous system.Active venoconstriction mediated by sympathetic vasoconstrictor fibers may be the main cause of the blood mobilization from the veins.In addition to this active change,in the hindquarter of the cat (OBERG,1967) and in the splanchnic circulation of the dog (BROOKSBY and DONALD,1972; DONALD and AARHUS,1974) ,the blood volume in the veins was found to change passively following a change in flow through them.However,these observations are confined to peripheral vascular beds.The relative importance of the active and passive changes in blood volume has not been examined for the total vasculature.
The purpose of the present experiment is to quantify the relationship between circulatory blood volume and cardiac output.We estimated the active and passive components of the changes in blood volume by comparing the flow-volume relationship in the intact reflexic state with that in the areflexic state prepared by hexamethonium and norepinephrine infusion.To examine the role played by pulmonary circulation in the regulation of the blood volume,we observed the change in blood volume when flow through the right heart and lungs was reduced with the systemic flow unchanged.The results were compared with those obtained by reducing flow through the total vasculature.
METHODS
Experimental preparation.Dogs were anesthetized intravenously with thiopentobarbital(20mg/kg)and alpha chloralose(60mg/kg).A right thoracotomy was performed at the fourth intercostal space under positive pressure respiration with room air and supplemental oxygen at a rate of 2 to 3liters/min. About three-fourths of the fourth and fifth ribs were removed. Figure 1 illustrates the connection between the animal and the perfusion circuit to measure the change in blood volume in the animal.First,the azygos vein was cannulated and connected to the outflow end of the perfusion system which consisted of a roller pump(Tonokura DCH-1),a heat exchanger and an air filter.These instruments were filled with heparinized blood from another dog. The superior vena cava was cannulated and connected to one inflow end of a Y-shaped venous drainage cannula.As soon as the venous return from the upper body was diverted to the reservoir,pump perfusion was started.Then the inferior vena cava was cannulated and total venous return was drained.To avoid venous congestion,venous return was by-passed through cannulas connected to the right femoral and the external jugular veins,while the caval veins were cannulated.The pump flow was set at 80ml/min/kg,since in most dogs the level of 
RESULTS
Effect of changes in flow through the total vasculature An example of the experimental record is shown in Fig.3 dogs 5min after the flow change both in the reflexic and areflexic states. The relationship between the pump flow and the arterial pressure was approximated by a linear line in the areflexic state.The broken line in the figure obtained by the linear regression analysis from the pooled data has a slope of 0.96, a pressure intercept of 4.0% and a correlation coefficient of 0.987.On the other hand,when the linear regression analysis was applied to the relationship in the reflexic state,the correlation was not good as in the areflexic state(r=0.884).
The relationships between the pump flow and the blood volume both in the reflexic and areflexic states were approximated by linear lines as seen in the figure. Their correlation coefficients were 0.970 and 0.966 for the reflexic state and the areflexic state,respectively.The slope of the regression line in the reflexic state was about twice(9.6 to 4.9)as that in the areflexic state. In Table  1 
DISCUSSION
When flow through a vascular system is increased or decreased,changes in the transmural vascular pressure take place in the same direction as the flow if the outflow pressure is kept unchanged as in the preparation used in this study.
Then the blood volume contained therein is passively changed according to the pressure-volume relationship of the vascular system.Thus,the blood volume is positively related to the pump flow as shown in Fig.5 even in the areflexic state. Arterial pressure is changed considerably in the areflexic state following a form a significant part of the total passive change in blood volume.Several investigators have measured lumped arterial compliance and reported variable results (GUYTON et al.,1956; IRIUCHIJIMA et al.,1971; SHOUKAS and SAGAWA, 1973) .Applying the values reported by SHOUKAS and SAGAWA(1973) to our result,50mmHg decrease in arterial pressure accompanying the 50% decrease in the pump flow corresponds to a passive decrease of blood volume in the arterial system of approximately 3.4ml/kg.This indicates that more than a half of the passive blood mobilization to the reservoir is from the capacitance vessels,since the total passive blood mobilization was about 10ml/kg.
In the present study the animal was made areflexic by ganglion blockade and continuous infusion of norepinephrine.The blood volume returned to the preblockade level together with the arterial pressure on the infusion of norepinephrine.
To compare the tones of the total vasculature in the reflexic and areflexic states, we measured venous pressure response to removal of a known amount of blood under steady systemic perfusion.We interposed a roller pump between the caval veins and the right atrium to control cardiac output at a steady level just as SHOUKAS and SAGAWA(1971) did.An example of the recording of the arterial, peripheral venous and central venous pressures is presented in Fig.7 we considered that the normal vascular tone devoid of the reflex adaptability was realized in our areflexic preparation and that the difference in the blood volume response between the intact reflexic state and the areflexic state was induced by circulatory reflexes and superimposed on the passive change. As in Fig.4 ,the blood volume response in the reflexic state was twice that in the areflexic state 5min after the stepwise change in the pump flow.In other words,the ratio of the active blood mobilization(difference in the mobilized blood volume between the reflexic and areflexic states)to the passive one(the mobilized blood volume in the areflexic state)was approximately 1:1.The CARDIAC OUTPUT AND CIRCULATORY BLOOD VOLUME active change in blood volume is supposed to be induced by a reflex change in venous capacity.If the reflex change in venous capacity were larger than it actually is,the slope of the flow-volume relation would be steeper than in Fig. 5 . The flow-volume relation ideal for the maintenance of cardiac output would be a vertical line through the control flow.However,this is not the case and the relation in the reflexic state is as shown by the solid line in Fig.5 .This figure demonstrates that the change in flow for a given change in blood volume is reduced to approximately one-half by the reflexes.
The preparation used in this experiment was different from the natural circulatory system in that the circulatory loop was opened at the caval veins and the outflow venous pressure was constant.In the closed system as in the open system,a change in cardiac output may induce a change in peripheral blood volume and a resulting change in venous return.The latter would subsequently affect the central venous pressure.One might think that the change in central venous pressure prevents a further change in blood volume.However,it is known that the total blood mobilization from the veins is not influenced by the outflow venous pressure because the active venoconstriction is more pronounced at higher venous pressures and the passive recoil of the veins at lower venous pressures (OBERG,1967) .Thus,despite the changes in central venous pressure, changes in cardiac output do not fail to change blood volume in the same direction even in the natural closed system.In the closed system,the change in blood volume would induce a change in venous return to mitigate the original change in cardiac output.
As seen in Table 1 ,the change in blood volume was slight when the flow through the right heart and lungs alone was reduced.The amount of blood mobilization was not influenced by section of the vagi which are supposed to contain the sensory fibers from the cardiopulmonary region.It was not affected by the abolition of circulatory reflexes either.Considering the large active blood mobilization in response to the change in flow through the total vasculature,it is concluded that the receptors that initiate the reflex change in vascular capacity are located in the systemic circulation instead of the pulmonary circulation.Several investigators have demonstrated that total systemic vascular capacity is influenced by carotid sinus baroreceptor reflex (RASHKIND et al.,1953; Ross et al.,1961; SHOUKAS and SAGAWA,1973) .According to KUMADA and SAGAWA(1970) , variations in blood volume can be subtly detected by the aortic baroreceptors. Presumably,the baroreceptors in the carotid sinus and aortic arch play the main role in this reflex.
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